Introduction: Pre-hospital termination of resuscitation (TOR) is not a usual practice in many cities. The current study aimed to examine the reliability of the modified basic life support (ED-BLS) and advanced life support (ED-ALS) rules for TOR after patient arrival at the emergency department (ED). Methods: In this retrospective cohort study, adult non-traumatic cardiac arrest patients who received pre-hospital basic life support and defibrillator (BLS-D) mode of service in Taoyuan County in northern Taiwan during the study period were assessed. Data were retrieved from web-based registry records. Results: Of the 1612 patients included, 40 (2.5%) achieved survival to discharge. The ED-ALS rule showed higher specificity (ED-ALS rule: 82.5% {95% confidence interval [CI]: 68.1-91.3} vs. ED-BLS rule: 50.0% {95%CI: 35.2-64.8}) and positive predictive value (ED-ALS rule: 99.0% {95% CI: 97.9-99.5}vs. ED-BLS rule: 98.6% {95%CI: 97.8-99.1}) than the ED-BLS rule in terms of predicting no survival to discharge after patient arrival at the ED. Among patients who fulfilled all criteria for the ED-BLS and ED-ALS rule, 20 (1.4%) and seven (1.0%) survived to discharge, respectively. Application of the ED-BLS and ED-ALS rules could have reduced further resuscitation efforts after arrival at the ED by 86.4% and 43.1%, respectively. Conclusion: For nontraumatic out-of-hospital cardiac arrest patients who receive BLS-D service, the ED-ALS rule has a higher specificity and PPV than the ED-BLS rule to predict no survival to discharge after patient arrival at the ED. Using the ED-ALS rule to terminate resuscitation after arrival at the ED should be prospectively validated. (Hong Kong j.emerg.med. 2014;21:283-290) 簡介：在許多城市，院前終止復甦並不是一個慣例。本研究旨在探討在到達急診後，修訂版終止復甦規 則的可靠性。方法：在這項回顧性世代研究，研究期間於台灣北部桃園縣，針對成人非創傷性心臟驟停 並已接受院前基本生命支持和除顫器急救的患者，進行了收案分析。資料取自於網路登錄系統。結果： 1612 例收案患者中， 40 位（ 2.5% ）存活出院。 ED-ALS 規則比 ED-BLS 規則對預測到達急診病患無法 生存離院，表現出較高的特異性（ ED-ALS 規則： 82.5% {95% 信心區間 [CI]：68.1-91.3} ， ED-BLS 規 則： 5 0 .0 % {9 5 %CI：3 5 .2 -6 4 .8 } ）和更好的陽性預測值（ ED-ALS 規則 ：9 9 .0 % {9 5 %CI：9 7.9 -99.5} ， ED-BLS 規則 ：98.6 %
Introduction
There are guidelines for the termination of resuscitation (TOR) in the pre-hospital setting, and most emergency medical services (EMS) systems permit the practice. 1, 2 Previous studies derived and validated a clinical prediction rule for the termination of basic life support (BLS) resuscitation with automatic external defibrillator (AED) use by emergency medical technicians (EMTs). [3] [4] [5] [6] [7] [8] The BLS rule, which identified patients who did not survive to discharge, includes all three of the following variables: no return of spontaneous circulation (ROSC) before transportation, no shockable rhythm with an AED before transportation, and arrest not witnessed by EMS personnel. 3 The advanced life support (ALS) rule, which proposed TOR after ALS delivered by EMTs, includes the BLS criteria and two additional variables: arrest not witnessed by a bystander and no bystander cardiopulmonary resuscitation (CPR). 9 However, there were several concerns. Firstly, although many studies have validated the use of the termination rules, [4] [5] [6] [7] [8] 10 improvements in CPR, post-resuscitation care, and variation in the prognosis of out-of-hospital cardiac arrest (OHCA) patients in different regions might affect their generalisation. 11 Secondly, the barrier for physicians and public acceptance must be addressed. The use of TOR rules poses difficult ethical questions in the pre-hospital setting. Thirdly, the model for the application of these rules might be related to resuscitation time intervals. The duration of resuscitation should be considered. 2, 12 Most OHCA patients are transported to hospital and are declared dead after arrival at the ED.
Until the protocols for pre-hospital TOR are fully implemented, rules for TOR after patient arrival at the ED is of major concern to physicians. [12] [13] [14] An alternative use of these TOR rules, which were developed in the pre-hospital setting to terminate resuscitation in the ED, should be considered in such situation. The reliability of modified TOR rules for ED arrival remains uncertain. Therefore, the modified BLS and ALS rules to be used after patient arrival at the ED should be examined. Knowing the performance of TOR rules after patient arrival at the ED will help physicians to make decisions. The current study aimed to examine the reliability of the modified BLS and ALS rules for TOR after patient arrival at the ED.
Methods

Study design and setting
This was a retrospective cohort study. The study was approved by the ethics committee of Chang Gung Memorial Hospital, Linko, Taiwan. The study was reviewed by the committee and the requirement to obtain informed consent was waived.
The study was conducted in Taoyuan County in northern Taiwan, which has an estimated population of 2,000,000 residents and a population density of about 1500 persons per square kilometer. 15 The incidence of adult non-traumatic OHCA is estimated to be 1500 cases per year. EMTs function as the primary providers of pre-hospital emergency care. In 2011, 189 EMT-1 (EMT-basic in the United States), 589 EMT-2 (EMT-intermediate in the United States), and 36 EMT-paramedic (EMT-P) personnel were employed at various EMS stations in Taoyuan County.
After receiving an emergency call, a centralised dispatch centre would activate the nearest EMS branch, which would send an ambulance and 2-3 EMTs to the site of the incident. The ALS or BLS-defibrillator (BLS-D) mode of service was activated depending on whether a board-certified EMT paramedic was on duty. There were only 20 EMT-P personnel, and ALS was infrequently applied at the scene. Therefore, we only evaluated the TOR rules in those who received BLS-D service. There was no guideline for TOR by EMTs in the pre-hospital setting during the study period. However, EMTs did not transport the patient to the hospital who presented with signs of death, such as decapitated, incinerated, decomposed, or displaying signs of rigor mortis. For BLS-D service, five cycles of CPR were performed after cardiac arrest had been c o n f ir m ed . Pro mp t A E D in t e r p r et a t io n a n d defibrillation were applied as indicated. CPR was then continued and patients were taken directly to the ambulance and transported to a nearby hospital. There were 11 hospitals in Taoyuan County. One of them was a tertiary medical centre. All others were local community hospitals. The EMTs transport the patient to a nearby hospital, regardless of whether ROSC is achieved at the scene. Advanced cardiac life support and post-resuscitation care are administered according to the 2010 American Heart Association guidelines after patient arrival at the ED. 16 Patients are declared dead if ROSC is not achieved after 30 minutes of resuscitation in the ED. Survival to discharge was defined as patients who were alive at discharge or were transferred successfully to a longterm care centre.
To examine the reliability of these rules after patient arrival at the ED, the ED-BLS rule and ED-ALS rule were modified from the original versions. The ED-BLS rule, which includes modified variables for evaluation after patient arrival at the ED, includes no ROSC after arrival at the ED, no shockable rhythm with an AED before transportation and after arrival at the ED, and arrest not witnessed by EMS personnel. The ED-ALS rule, which includes modified variables for evaluation after patient arrival at the ED, includes the ED-BLS criteria and two additional variables: arrest not witnessed by a bystander and no bystander CPR (Table 1) .
Patient selection
Between June 2011 and November 2012, we included adult patients who were at least 18 years of age and had experienced non-traumatic cardiac arrest, as identified by the activation of EMS. We excluded patients with presumed respiratory/airway, overdose/ intoxication aetiology, or cerebrovascular accident. The TOR rule should not be applied to these patients after arrival at the ED because they might benefit from advanced cardiac life support with emergent airway establishment, oxygenation, inotropes application, antidote injection, and emergent operation as indicated. 17, 18 Those who were not transferred by EMS, had incomplete records, or developed sustained ROSC before arrival at ED were also excluded.
Data collection and outcome measures
The authors reviewed the de-identified web-based registry records and conducted data abstraction using Utstein Style reporting guidelines, which use clear definitions and codes. 19 Demographic data and data on pre-hospital covariates were collected from the EMS records and included age and sex of the patient, presence of a witness, CPR by a bystander, application of AED shock, EMS response interval, CPR performed by EMTs before arrival at the ED, ROSC achieved before arrival at the hospital, and ventricular tachycardia (VT) or ventricular fibrillation (VF) as the initial rhythm at the ED. Patient outcomes were abstracted via the OHCA registration maintained at each of the hospitals. The primary outcome was survival to discharge (i.e., patient alive at discharge or transferred successfully to a long-term care centre). 
Primary data analysis
We compared groups in terms of demographic characteristics and outcomes. Logistic regression was applied to identify independent factors associated with the primary outcome. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the ED-BLS rule and ED-ALS rule were compared. Data were analysed using SPSS 13.0 for Windows (SPSS, Chicago, IL). Categorical variables were presented as numbers and percentages, and were compared using the chi-square or Fisher's exact test as appropriate. Continuous variables were presented as the median and interquartile range. The MannWhitney U-test was used for non-normally distributed continuous variables. In all analyses, a p value less than 0.05 indicated statistical significance.
Results
There were 3236 OHCA events with activation of EMS during study period. Among all activations, 2731 were non-traumatic cardiac arrests. Five hundred and thirtyfour patients, who did not transfer to the hospital due to "obviously dead or signs of death", "do-notresuscitation order", or "family refusal" were excluded.
A total of 2197 non-traumatic OHCA patients were transferred to the hospital, and 1612 patients were enrolled after application of the exclusion criteria. Among all enrolled patients, 40 (2.5%) achieved survival to discharge. Patients were assigned to two groups based on whether survival to discharge was achieved (Group 1, n=40) or not (Group 2, n=1572) ( Figure 1 ).
Figure 1.
Patients enrolled in the study.
*Patients of non-traumatic OHCA were included. Patients for whom were decapitated, incinerated, decomposed, or display signs of rigor mortis, and received no transferring by EMS were excluded from the study. OHCA: out of hospital cardiac arrest; EMS: emergency medical service; ALS: advanced life support; ROSC: return of spontaneous circulation; ED: ermergency department Table 2 shows the characteristics of the two groups. A regression model of the associations of the variables and survival to discharge was constructed (Table 3 ).
The performance of the ED-BLS and ED-ALS rules was assessed. The results are presented in Tables 4  and 5 
Discussion
Our study validated the use of modified BLS and ALS rules for TOR after arrival at the ED. The ED-ALS rule has better specificity and PPV than the ED-BLS rule. In our study, 1% of patients who fulfilled all of the ED-ALS criteria survived to discharge. However, there were additional resuscitation efforts in 54 patients to save one as compared to the ED-BLS rule. Application of the ED-BLS and ED-ALS rules could have reduced further resuscitation efforts after arrival at the ED by 86.4% and 43.1%, respectively. Although likelihood ratio of our result revealed weak evidence to rule in/out survival, the major concern of application of TOR rules is the survivor who fit TOR rules. The better-applied TOR rules should have limited false positive individuals, higher PPV and higher specificity. Our study did not try to show how precise a rule is in predicting non-survivors (test positive) or survivors (test negative). In contrast, we try to provide evidence to terminate resuscitation in patients who fit all criteria, which might be useful and practical. In short, the ED-ALS rule could be considered for ED use. Further prospective studies to validate our proposal might be considered.
Several aspects of our study results should be mentioned. First, there were concerns about prehospital TOR. Our study showed that ED-ALS rule could be used for TOR after arrival at the ED. The Variables were tested using the Chi-square test (male, witnessed collapse, bystander CPR, shockable rhythm by AED) and the Mann-Whitney Utest (age, response interval, duration of CPR by EMT before arrival at hospital). *Using Fisher's exact test benefit of advanced cardiac life support after arrival at the ED might be limited for those who received prehospital BLS-D service and fulfilled all the ED-ALS criteria. In other words, patients who experienced nonwitnessed collapse, received no bystander CPR, had n o sh o ck ab le rh yt h m at t h e sc ene o r d ur in g transportation to the ED, and did not develop ROSC after arrival at the ED had minimal chances of survival. Although the medical futility of less than 1% has been questioned, [20] [21] [22] [23] [24] unlimited resuscitation efforts without evaluation of the appropriateness of diverting medical resources should be addressed. 14, 25, 26 Additionally, advanced cardiac life support is a considerable expense. 25 The benefit of further advanced cardiac life support after arrival at the ED for those who fulfilled the ED-ALS criteria was doubtful. Therefore, we propose TOR after arrival at the ED in these patients. Advanced cardiac life support should be considered in patients who show any chance of survival according to the ED-ALS criteria.
Secondly, the use of TOR rules at the scene is problematic for physicians, EMTs, and the public. 27, 28 Instead of TOR at the scene or a pre-hospital setting, we evaluated the performance of TOR rules after arrival at the ED. Our study provides evidence of the performance of TOR rules after arrival at the ED. In contrast to compulsory implementation of TOR rules at the ED to override clinical judgements, our results provide evidence to support the use of TOR rules to terminate resuscitation of patients in specified circumstances.
Thirdly, there were other parameters, which aid clinicians to declare death and terminate resuscitation at ED, such as body temperature, brain-stem reflex, duration of resuscitation, no evidence of cardiac contractile by bedside echocardiogram etc. We presumed that a simple TOR rule, which developed in a pre-hospital setting, might be applied to ED with minor revision in a region of a high prevalence of nonsurvival. Therefore, our study was designed to test the modified version of the original rules.
Limitations
Our study examined the use of modified BLS and ALS rules for TOR after patient arrival at the ED; however, it had several limitations. First, this was a retrospective cohort study, and data were collected from EMS and cardiac registration records. Selection bias might have occurred as a result of the retrospective design and the large proportion of excluded patients. We enrolled only OHCA patients who received pre-hospital BLS-D mode of service, and excluded those who received ALS mode of service. This might impose a selection bias and limit the general applicability of our results. Besides, whether EMTs could recognise death or postmortem changes, such as livor mortis or rigor mortis, in a non-traumatic cardiac arrest is a major concern in many regions. Lockey et al concluded that there was still considerable variance in the practice of the UK ambulance trusts for recognition of death and terminating resuscitation attempts. 29 Therefore, EMTs sent patients to hospital whether there was a dispute between family and EMTs' judgments in our area. However, the EMS records did not state "obviously dead or signs of death" for any of our enrolled patients. Secondly, there were unmeasured confounding factors in our study. We made every effort to collect data on variables that could have potentially correlated with our study results using Utstein Style reporting guidelines. 19 Thirdly, this study was conducted in Taoyuan County, Taiwan, within a limited period, which may restrict the general applicability of our findings. Further validation studies in different settings and regions would be of interest.
Conclusion
For non-traumatic OHCA patients who receive BLS-D service, the ED-ALS rule has higher specificity and PPV than the ED-BLS rule to predict no survival to discharge after patient arrival at the ED. Using the ED-ALS rule to terminate resuscitation after arrival at the ED should be prospectively validated.
